Previous studies have suggested an association between exposure to pesticides and different types of childhood cancer. This paper presents results from a population-based case-control interview study of parents of children less than 15 years of age, which was conducted in the states of West Germany from 1993 to 1997. Cases were 1,184 children with leukemia, 234 with non-Hodgkin's lymphoma, and 940 with a solid tumor; 2,588 controls were also included. Parental occupational exposures were found to be related to childhood cancer regardless of the time period of exposure and the type of cancer. This finding might partially be explained by different recall of past exposures by the parents of cases and controls. Residential use of insecticides was associated with childhood lymphoma: both extermination of insects by professional pest controllers (odds ratio (OR) = 2.6, 95% confidence interval (Cl): 1.2, 5.7) and frequency of parental use of household insecticides (p for trend = 0.02) were significant risk factors for this diagnosis. The use of pesticides on farms was weakly related to childhood leukemia (OR = 1.5, 95% Cl: 1.0, 2.2), while their use in gardens was not associated with childhood leukemia (OR = 1.0, 95% Cl: 0.8, 1.2). The major strengths of this study were the population base and the large number of cases and controls included; a drawback was assessment of exposure on the basis of parental interviews. The data provide some evidence for an increased leukemia risk for children living on farms and for an association between use of household pesticides and risk of childhood leukemia or lymphoma. Am J Epidemiol 2000; 151:639-46.
whose parents were occupationally exposed to pesticides, particularly for the offspring of fanners. Residential use of insecticides has been found to be associated with leukemias and brain tumors, although negative findings have been reported as well. Investigations of a possible link between childhood lymphoma and pesticide exposures have rarely been published and generally suffer from small sample sizes. A detailed overview of studies investigating associations between childhood cancer and pesticides can be found in a recent paper by Daniels et al. (1) .
A previous case-control study conducted by the German Childhood Cancer Registry (GCCR), which was restricted to the northwestern part of Germany (Lower Saxony), also examined the association between childhood leukemia and exposure to pesticides. On the basis of data regarding 161 children with acute leukemia and 161 matched controls, we found a significant association for the use of pesticides in gardens (odds ratio (OR) = 2.5, 95 percent confidence interval (CI): 1.0, 6.1) and a tendency toward an elevated risk for the use of pesticides on farms (OR = 1.6, 95 percent CI: 0.4, 6.9) (2). We conducted this succeeding study, which covered the whole area of the former Federal Republic of Germany and comprised almost 5,000 children, to confirm or refute the hypotheses generated by the preceding study and reports from the literature.
MATERIALS AND METHODS
The case-control study presented in this paper consisted of two parts: a nationwide component (NW component) and one restricted to geographic areas around nuclear installations and selected control regions (NI component). Cases who met the inclusion criteria of both study parts were counted only once in the analysis of the total sample. Both parts were conducted simultaneously by using the same procedures to recruit cases and select controls, as well as identical questionnaires and interview techniques.
Cases
The NW component of our case-control study comprised the following diagnostic groups: acute leukemia, non-Hodgkin's lymphoma, and solid tumors. Children with solid tumors (central nervous system tumors, neuroblastoma, nephroblastoma, bone tumors, and soft tissue sarcomas) were recruited not only to provide an additional study group but also to enable us to investigate the effects of possible recall bias in the leukemia group. Cases were identified from the GCCR in Mainz, Germany, which has been estimated to be more than 95 percent complete (3) . Cases were eligible if one of the diseases mentioned above was diagnosed when the child was younger than 15 years of age between October 1992 and September 1994 and if he or she lived in West Germany on the date of diagnosis.
The NI component was embedded in an incidence study investigating childhood malignancies in the vicinity of German nuclear installations (4) . The study population comprised cases with childhood acute leukemia or non-Hodgkin's lymphoma diagnosed between January 1980 and September 1994; aged 15 years or less; born after July 1, 1975 ; and, on date of diagnosis, living in a nuclear installation area (i.e., in a community at most 15 km away from a nuclear installation) or a matched control region. Details on the definition of these regions are described elsewhere (4) .
Controls
For each case, one control matched on gender, date of birth within 1 year, and community was selected from the complete files of local resident registration offices. A list of four addresses of children of the same gender and with a birth date as close as possible to a given date (the birth date of the corresponding case but changed slightly to prevent identification) was requested from the registration office of the community in which the case lived on the date of diagnosis. We randomly chose one control from this list but did not select the case (who might have been sampled as a potential control). If the chosen family did not participate in the study, we contacted another family from the remaining names on the list. This procedure of selecting controls was repeated until a family agreed to participate or until no more potential controls were left. For each control, the date of diagnosis of the corresponding case was defined as the reference date. Only those exposures that occurred before the reference date were assessed.
An additional criterion for inclusion of cases and controls in our analyses was that cases (controls) who were older than 1 year of age on the date of diagnosis (or corresponding reference date) must have lived in the respective community for at least half a year. This criterion could be checked only after recruitment of subjects and led to the exclusion of 254 responders from the analyses.
Questionnaires and telephone Interviews
The questions asked of parents were based on a structured questionnaire developed by the US Children's Cancer Group (5) . The questionnaires were mailed by the physicians responsible for the cancer treatment (cases) or by the study center at the GCCR (controls) and were to be returned to the study center. In addition, telephone interviews were conducted to validate and complete the questionnaires and to obtain further information on rare exposures. The interview contained questions to be answered by the mother as well as questions to be answered by the father. Therefore, we tried to interview both parents. Data were checked for discrepancies between the questionnaire and the telephone interview; in the case of missing or discrepant information, parts of the interview were repeated. If the participating family had no telephone, we relied solely on the information from the questionnaire.
The questionnaire asked parents to list all of thenoccupations (job titles) and the dates on which they participated in these occupations. Also included was a list of possible occupationally related health hazards for each parent; one item was "insecticides, herbicides, or fungicides." For all relevant health hazards, parents were requested to specify whether these hazards were present during the year before pregnancy, during pregnancy, or after the child's birth.
In the telephone interview, information was collected on extermination of insects at home and on use of pesticides on farms and in gardens. We asked whether insects had been exterminated by the parents themselves or by a professional pest controller. Parents were also asked if they had ever owned a garden or carried out farming and, if so, whether and when they had used pesticides. (To "carry out farming" does not necessarily imply that they mentioned "farmer" as a job title on the questionnaire; in Germany, people frequently farm on a part-time basis to supplement their income.) Those who carried out farming were asked whether they worked the land (defined as agriculture (yes/no)), bred cattle, or both. For use of pesticides in houses, in gardens, and on farms, our primary analyses were restricted to exposures between the child's year of birth and date of diagnosis or reference date. In addition, we analyzed exposures during the year of birth and/or the year preceding birth (only for those children born between January and June).
Statistical analysis
Odds ratios and 95 percent confidence intervals were computed with conditional logistic regression models for matched sets by using the PHREG procedure of SAS software, version 6.12 (6) and, in case of sparse data, the LogXact software program (7). Analyses were performed separately for leukemias, lymphomas, and the diagnostic subgroups of solid tumors. Since the group of lymphoma cases and the other diagnostic subgroups were relatively small and not all participating subjects had a matched correspondent, we not only conducted 1:1 matched analyses but also used posterior frequency matching for gender, age (age groups of 1 year), year of birth, and residence within a nuclear installation area. The frequencymatched analyses were also adjusted for degree of urbanization (urban, mixed, rural) to compensate for ignoring the matching for community. All analyses were additionally adjusted for socioeconomic status (high, other), which was estimated on the basis of family income and level of parental education. In this paper, we present results of the frequency-matched analyses only (refer to Discussion).
RESULTS
Of 2,989 eligible families of cases, 83 (2.8 percent) were not contacted, mainly for psychological reasons (the physician responsible for treating the child decided that the parents should not be interviewed because they were affected too severely by their child's disease). Response rates (the number of questionnaires returned divided by the number of subjects contacted) were 84.4 percent for cases and 70.7 percent for controls (table 1) . The response to the NW component of the study was somewhat better than for the NI component, perhaps because the NI component was more retrospective; that is, it included cases diagnosed from 1980 onward. The major reasons for nonparticipation were refusal, losses to follow-up, and insufficient knowledge of the German language. In addition, 254 subjects were excluded from the study population because violations of the inclusion criteria were found when the questionnaire information was checked. The 2,358 cases who were included comprised 1,184 children with acute leukemia, 234 with a diagnosis of non-Hodgkin's lymphoma, 399 with central nervous system tumors, 160 with neuroblastomas, 147 with nephroblastomas, 137 with soft tissue sarcomas, and 97 with bone tumors. These different groups of cases were compared with the same 2,588 controls. A telephone interview was conducted with 4,703 (95.1 percent) of the 4,946 families. We carried out 89.2 percent of the telephone interviews with both parents, 8.8 percent with the mother only, and 2.1 percent with the father only. The demographic characteristics of the cases and controls matched 1:1 agreed almost perfectly (data not shown). When the 1:1 matching was ignored, the distributions of gender and age in the lymphoma group differed from those in the control group (table 2) because the majority of controls were recruited as match partners for children with leukemias and solid tumors. Similar distributions in the different groups were observed for degree of urbanization because we matched for the community in which the child lived on the date of diagnosis. More parents of controls had a high socioeconomic status than did parents of diseased children. Hence, all logistic regression models were adjusted for this factor. 
Parental occupational exposures
Regarding job titles, we had intended to investigate the occupations "farmer," "gardener," and "florist" as those with a potential for exposure to pesticides; however, as in our previous study (2) , there were too few gardeners and florists to perform any meaningful analyses. Forty-five mothers (0.8 percent) and 137 fathers (2.6 percent) said that they were farmers at the time of diagnosis (or corresponding reference date). In the lymphoma group, odds ratios for the job title "farmer" were somewhat below 1.0 for both parents (data not shown); in the leukemia group, odds ratios were insignificantly elevated (OR = 1.5, 95 percent CI: 1.0, 2.4 for fathers; OR = 1.3, 95 percent CI: 0.6, 2.9 for mothers).
The results regarding an occupational exposure to herbicides, insecticides, and fungicides, which was reported by 211 fathers and 60 mothers, are shown in table 3. The prevalences for parental pesticide exposure were generally somewhat higher before than after pregnancy. Significantly elevated odds ratios were found predominantly in the leukemia group, although similar odds ratio estimates but larger confidence intervals were observed for lymphomas.
Pesticide use on farms and In gardens
Of the 4,703 families with whom telephone interviews could be conducted, 391 reported that they carried out farming. Cattle breeding but no agriculture occurred on 187 of these 391 farms (48 percent). Of the remaining 204 families, 55 percent had farmed as a main occupation and 45 percent had worked the land on a part-time basis to obtain supplementary income. The prevalence of pesticide use was 94 percent among main-occupation farmers and 64 percent among fami- lies who worked the land as a second job. These numbers corresponded to a prevalence of 3.5 percent in the total population. Furthermore, 15.1 percent of all families reported that they had used pesticides in their gardens. Our study showed that use of pesticides in gardens was not related to childhood leukemia and lymphoma, whereas use of pesticides on farms was almost significantly associated with childhood leukemia (OR = 1.5, 95 percent CI: 1.0, 2.2; p = 0.06) (table 4).
Indoor extermination of Insects
Regarding indoor extermination of insects by parents, we decided in advance to use the category "less than once per year" as the reference and the categories "once per year" and "more than once per year" as increasing levels of exposure (table 4) . When we found a positive association between frequency of indoor extermination of insects and risk of childhood lymphoma, we subdivided the category "more than once per year" into three levels (table 4). The results indicated a dose-response-like relation in the lymphoma group (p = 0.02), while the association in the leukemia group appeared somewhat weaker and did not reach statistical significance (p = 0.12). Consistent with an association between parental use of household insecticides and childhood lymphoma, extermination of insects by a professional pest controller was also a significant risk factor for lymphomas (OR = 2.6, 95 percent CI: 1.2, 5.7) but not for leukemias (table 4) . When analyses of parental use of insecticides were restricted to exposures during the year of birth and the preceding year, the odds ratios for the leukemia group increased very little (OR = 1.2 for use once per year, OR =1.4 for use more than once per year). In the lymphoma group, no families of cases had used insecticides once per year during this period (OR = 0), but families of 14 cases and 52 controls had used insecticides more than once per year (OR = 3.7, 95 percent CI: 1.8,7.6).
Solid tumors
Since some studies have reported weak positive associations between exposure to pesticides and the risk of brain tumors (8-10), Wilms' tumors (11), soft tissue sarcoma (12) , and Ewing's sarcoma (13), we also carried out all analyses for these diagnoses. Odds ratios for maternal occupational exposures were elevated in all diagnostic groups, but only for maternal occupational exposure before pregnancy in the group of soft tissue sarcomas did the odds ratio reach statis- tical significance. Neither residential use of insecticides nor use of pesticides in gardens or on farms was found to be significantly more frequent in any group of cases with solid tumors (data not shown).
DISCUSSION
One strength of our study was the large number of cases identified by using an almost complete population-based cancer registry. Controls were drawn at random from files of population-based registries. In Germany, registration is mandatory for all residents, which makes these registries an excellent sampling frame for epidemiologic studies. Response rates of more than 80 percent for cases and about 70 percent for controls were reasonably good, yet selection bias cannot be ruled out completely. The distributions of age and gender among the cases reflected the distributions ascertained by the GCCR for the different types of malignancies in all registered children, so we have no reason to believe that nonparticipation by parents of cases biased our results. Since controls were matched on gender, date of birth, and community, there were no major differences between the study groups concerning gender, age, and degree of urbanization. Differences between cases and controls were observed with respect to socioeconomic status; among nondiseased children, families with a high socioeconomic status were more willing to participate than others were. Since, on the other hand, many of the risk factors investigated in our study were related to social factors, all analyses were adjusted for socioeconomic status.
The two parts of our study differed regarding the periods of diagnosis, and one part was restricted to specific geographic areas. Otherwise, the study designs were identical. We used the same questionnaires, and the interviews were conducted by the same regularly trained interviewers. Thus, technically the data from both parts could be pooled without problems. Still, the interviews for the NW component were conducted a short time after the date of diagnosis; for the NI component, however, the time interval between date of diagnosis and interview might have been as long as 15 years. Hence, recall bias could have been a problem for exposures that were not easy to remember. A comparison between the two parts of the study regarding the prevalence of risk factors of interest showed only marginal differences after stratification for degree of urbanization. Analyses performed separately for both components also did not show consistently stronger or weaker results for either part.
We used another method of identifying the possible effects of recall bias; that is, we compared the results from different diagnostic groups. The associations between parental occupational exposures and all types of cancer, which were more strongly pronounced for exposures before than after pregnancy, suggest a more sensitive perception among parents of children with cancer. On the other hand, negative findings for the solid tumors and lymphomas regarding use of pesticides on farms indicate that elevated prevalences among leukemia cases were not caused by recall bias.
Misclassification of exposure due to crude exposure assessment, which was based solely on questionnaires and telephone interviews, also could have biased our findings. For example, about 50 percent of fathers allegedly exposed to pesticides listed occupations for which an exposure did not seem plausible, suggesting that parents sometimes did not know for sure whether a specific substance was a pesticide. If the degree of such misclassification was similar for cases and controls, this phenomenon would have resulted in bias toward unity. If, however, parents of cases recalled exposures more precisely than did parents of controls, then bias away from unity also could have occurred. It might have been more appropriate to collect detailed information on the number and concentration of pesticide exposures as well as the names of particular chemical agents. We did ask parents who declared to have used pesticides in gardens or on farms to specify the brand names of specific pesticide products, but about 40 percent of those parents were not able to remember any product names. The fact that the proportions of parents who could or could not remember any product names did not differ between cases and controls suggests that, regarding use of pesticides in gardens and on farms, a possible misclassification might have been nondifferential.
All comparisons between cases and controls were made by using frequency-matched analyses instead of 1:1 matched analyses, which would have strictly corresponded to the study design. Frequency-matched analyses made it possible to include larger numbers of cases and controls, resulting in more stable estimates and smaller confidence intervals, especially for the relatively small group of lymphomas. Furthermore, it was easier to compare risk estimates for different diagnoses by using the frequency-matched model, because the three diagnostic groups were compared with the same controls, namely, the whole group of 2,588 children. When the 1:1 matching was ignored, the lymphoma group differed from the control group regarding the distributions of gender and age (table 2); this fact was taken into account by stratifying on gender and age groups of 1 year. Comparisons between results from 1:1 matched analyses and frequencymatched analyses, when applied to an identical population, showed virtually no differences. Noticeable differences between the results of using the two approaches instead arose from enlargement of the sample size in the frequency-matched analyses. In our data, results for the leukemia group were generally more pronounced when 1:1 matched analyses were conducted (e.g., OR = 2.1, 95 percent CI: 1.1, 2.2 for father's job title "farmer"; OR = 1.9, 95 percent CI: 1.1, 3.3 for pesticide use on farms). These differences can be explained by the finding that, possibly by chance, prevalences of risk factors were lower among the parents of 1,010 controls individually matched to leukemia cases than in the total group of controls.
An overview of case-control studies investigating a possible relation between childhood cancer and exposure to pesticides was recently published by Daniels et al. (1) . Some studies investigated pesticide exposures of the child at home, in the garden, or on farms (7, 9, 11, 12, 14, 15) . Others used pesticide-related parental occupations as a surrogate measure (e.g., Buckley et al. (14), Lowengart et al. (16) , Wilkins and Sinks (17) , and Shu et al. (18)). These exposures have been linked to several types of childhood cancer, including leukemias (12, 14, 16, 18, 19) , lymphomas (12), brain tumors (8-10), Wilms' tumors (11), soft tissue sarcomas (12) , and Ewing's sarcoma (13) . However, especially in studies that examined occupational exposures, generally a large number of factors were investigated, making chance findings due to multiple statistical testing very likely. Furthermore, it remains unclear how many negative findings have not been published, that is, to what extent this variety of findings has arisen because of publication bias. Our data also seem to suggest an association between parental occupational exposure to pesticides and childhood cancer. Still, the consistently elevated odds ratio estimates for all diagnostic groups investigated, which also were found for other occupational exposures of both parents (data not shown), suggest that parents of cases generally were more inclined than parents of controls to report occupational exposures, thus biasing odds ratio estimates away from unity.
The use of pesticides on farms was weakly associated with the occurrence of childhood leukemia, the odds ratio estimate of 1.5 being nearly identical to the value of 1.6 that we observed in our previous study (2) . We are not aware of any study in which the use of pesticides on farms has been assessed in a manner similar to ours. To examine the incidence of cancer in offspring of parents engaged in different agricultural activities, Kristensen et al. linked agricultural census data to the Central Population Register and the Cancer Register of Norway (20) . They observed an association of pesticide purchase with childhood brain tumors and non-Hodgkin's lymphomas but not with leukemias. Conflicting results were found in a recent study by Fear et al., who used death certificates of children in England and Wales to collect information on parental occupation (21) . Children whose fathers potentially had been exposed to pesticides had lower proportional mortality ratios for most types of cancer, the value of 0.83 for brain cancers reaching borderline statistical significance (p -0.05). The only significant excess was found for kidney cancers (proportional mortality ratio = 1.59). Only one case-control study found a significant association between parental occupational exposure to pesticides and childhood leukemia (14) . In the majority of case-control studies, use of pesticides on farms was treated as equivalent to the paternal occupation of farmer (1) . Our data indicate that such surrogate measures are subject to misclassification; in our study, only two-thirds of all parents who used pesticides when working the land had been full-time farmers.
The significant finding from the Lower Saxony study (2) regarding the use of pesticides in gardens (OR = 2.5) could not be confirmed, although the same interview technique was used in the present study. The estimated odds ratio of 1.0 from the present study and its narrow confidence interval (table 4) suggest that pesticide use in gardens is not related to childhood cancer in Germany.
The association between residential extermination of insects and childhood leukemia or lymphoma has been investigated in three studies (12, 14, 16) . In a study of the Children's Cancer Group, the authors found a dose-response-like relation between frequency of household pesticide use and risk of childhood leukemia (14) . Leiss and Savitz observed an inverse association between home extermination of insects and childhood leukemia but found elevated risks for lymphomas (12) ; however, their findings have been criticized because parental interviews were conducted 7-14 years after cancer was diagnosed in the child (22) . Lowengart et al. reported a significantly elevated odds ratio of 3.8 for use of household pesticides at least once per week (16) . We used a different categorization when interviewing parents regarding the frequency of extermination of insects; in Germany, indoor extermination of insects is not a regular practice but is carried out only when necessary. For lymphomas, we observed increasing odds ratios with increasing use of household insecticides and also a significant association with extermination of insects by professional pest controllers. Results were less pronounced for leukemias, and no associations were found with other types of cancer.
In conclusion, we did not observe any relation between pesticide exposure and the risk of brain tumors, Wilms' tumors, soft tissue sarcomas, or bone tumors. On the basis of data on a large number of cases and controls, we found weak but consistently elevated odds ratios for occupational exposures of both parents, regardless of the time period and the type of cancer diagnosis. This finding suggests that assessment of occupational exposures based on interviews of the parents is not very valid because of different recall of past exposures by the parents of cases and controls. The finding that use of household insecticides was related to the risk of childhood lymphoma deserves some consideration because of its internal consistency (extermination of insects by parents and by a professional pest controller were both significant risk factors) and the dose-response-like pattern of the association. However, this finding should be confirmed by using independent data from other studies before further conclusions are drawn. The relation between use of pesticides on farms and the risk of childhood leukemia confirms the results from our previous study (2) . A major problem of epidemiologic studies investigating possible hazards arising from the use of pesticides is that the more than 1,500 chemicals in thousands of registered pesticide formulations (23) can hardly be measured appropriately. Therefore, the quality of exposure data collected via parental interviews inevitably is limited.
